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LIQUID CRYSTAL DISPLAY WITH BACK LIGHT
AND CONDUCTIVE DIFFUSER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to liquid crys-
tal display devices and, more particularly, is directed to
a liquid crystal display with back light.

2. Description of the Prior Art

A variety of liquid crystal displays (hereinafter sim-
ply referred to as LCDs) have been proposed so far and
a twisted nematic display mode (TN mode) liquid crys-
tal is known as one of the most popular LCDs.

As shown in a schematic diagram forming FIG. 1,
this type of LCD is comprised of X-axis and Y-axis
transparent electrodes 6, 8 formed on the inner surface
of a pair of glass substrates §, 9 in the direction perpen-
dicular to each other in a matrix fashion, a TN liquid
crystal 7 sandwiched between the two electrodes 6 and
8 with a twisted orientation of 90 degrees and a pair of
polarizing plates 4, 10 unitarily formed with the outer
surfaces of the glass substrates 5, 9 in the direction per-
pendicular to each other. In this case, the pair of polar-
1zing plates 4, 10 are bonded to the outer surfaces of the
glass substrates §, 9. A voltage 1s applied between the
transparent electrodes 6, 8 of a liquid crystal panel 13
formed by the above-mentioned elements by means of a

driving source 11 and a switching device 12. When this

TN mode liquid crystal is in its off state, that is, without
application of voltage, a linearly-polarized light is ro-
tated 90 degrees and passed by the liquid crystal panel
13. When on the other hand this TN mode liquid crystal
1s applied with voltage and turned on, then the twisted

state 1s removed and the linearly-polarized light is inhib- -

ited from passing the liquid crystal panel 13.

When the LCD 1s constructed by using such liquid
crystal panel 13, the LCD 1s generally formed as a re-
flection type, a reflection type using a back light or a
~ transparent type. The kinds of back light 2 are selected
in accordance with the purpose that for which the LCD
is to be used. The back light might be an incandescent

lamp, a fluorescent lamp, an electroluminescent lamp

(EL) and so on. The fluorescent lamp is a light source
suitable for color LCD and widely used because the
fluorescent lamp produces light having a plurality of
peaks of brightness in the visible region and this light
becomes substantially white light. The fluorescent lamp
1s generally formed as a hot cathode type or a cold

cathode type. The hot cathode type of fluorescent lamp

is driven by a voltage of from 200 to 300 Volts and the
cold cathode type of fluorescent lamp is driven by a
high voltage of nearly 4000 Volts. The back light 2
formed of, for example, the fluorescent lamp is housed
~in a casing 1 having a diffuser 3 on the front surface
thereof. This casing 1 is generally made of metal and the
diffuser 3 1s made of a white plastic plate or the like. The
casing 1 has the liquid crystal panel 13 unitarily assem-
bled into the front portion of the diffuser 3 as shown in
- FIG. 2. | |

When the back light 2 of the LCD is driven, a voltage
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of 200 to 300 Volts is applied to the cathode of the hot

cathode type fluorescent lamp and a high voltage of

about 4000 Volits is applied to the cathode of the cold 65

cathode type fluorescent. lamp. Further, a driving
source i1s not a commercially available voltage source
‘but a high frequency of about 40 kHz is employed as a

2

switching means to thereby increase light emission effi-
ciency.

Let us now consider that such LCD is installed, for
example, on the rear surface of each of the passenger
seats in the cabin of an airplane so that the passengers
can enjoy watching video programs of different chan-
nels. In that case, the airplane has very strict specifica-
tion on the leaked electromagnetic noise so as to pre-

‘vent the automatic pilot system of the airplane from

being affected thereby. Particularly, since the electro-
magnetic noise from the fluorescent lamp 2 i1s emitted

from the LCD panel surface through the diffuser 3 and

the liquid crystal panel 13, it is necessary to provide a
countermeasure to prevent the electromagnetic noise,
i.e., electromagnetic waves, from being leaked. As one
of the methods for preventing electromagnetic waves
from being leaked, it is proposed that, as shown in FIG.
2, a conductive film 14 such as an I'TO film or the like
is bonded to or coated on the front surface of the liquid
crystal panel 13 to thereby shield the electromagnetic
noise from the back light 2. In this arrangement, how-
ever, in order to visually confirm whether the light is
passed through or cut off by the liquid crystal panel 13,
the conductive film 14 must be made transparent, which
unavoidably decreases the light utilizing ratio of the
liquid crystal panel 13.

OBJECTS AND SUMMARY OF THE
| INVENTION

Accordingly, it is an object of the present invention
to provide an improved liquid crystal display with a
back light in which the aforementioned shortcomings
and disadvantages of the prior art can be eliminated.

More specifically, it 1s an object of the present inven-
tion to provide a liquid crystal display with a back light
in which electromagnetic noise from the back light is
completely shielded by rendering a diffuser (diffusing
plate) conductive, thereby making it possible to utilize a
conductive material which is not transparent.

As an aspect of the present invention, a liquid crystal
display with a back light is provided, in which a diffuser
(diffusing plate) mounted on a front surface of a casing
in which the back light is housed is rendered conductive
to thereby reduce the leakage of electromagnetic
waves. |

The above and other objects, features, and advan-
tages of the present invention will become apparent in
the following detailed description of an illustrative em-
bodiment thereof to be read in conjunction with the
accompanying drawings, in which like reference nu-
merals are used to identify the same or similar parts in
the several views.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing a conven-
tional liquid crystal display;

FIG. 2 is a cross-sectional side view of the conven-
tional liquid crystal display with a back light;

FIGS. 3A and 3B are front view and cross-sectional
side view illustrating a liquid crystal display with a back
light according to an embodiment of the present inven-
tion; and

FIG. 4 is a cross-sectional side view of a main portion

of the hiquid crystal display with a back light of the
present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The arrangement of the liquid crystal display with a
back light according to the present invention will now

be described with reference to FIGS. 3A, 3B and FIG.
4. In FIGS. 3A, 3B and FIG. 4, like parts corresponding

to those of FIGS. 1 and 2 are marked with the same
references and therefore need not be described in detail.

As shown in FIGS. 3A, 3B, the casing 1 is made of a
metal material and shaped substantially as a box whose
front surface is opened. The diffuser 3 is rectangular and
made of white plastic or the like. This diffuser 3 is
mounted on the front surface of the casing 1 and the
back light 2 formed of a fluorescent lamp having an
M-letter configuration is disposed within a space de-
fined by the casing 1 and the diffuser 3. The back light
2 has two electrodes 24, 2b connected, for example, to a
switching power supply source of high frequency, e.g.,
40 kHz (not shown) and, a voltage of 200 to 300 Volts
1s supplied to the cathode of the back light 2 if the back

light 2 is formed of the hot cathode type fluorescent

lamp.

If the diffuser 3 is made of white plastic, then a con-
ductive member 15 may be produced by bonding a
transparent conductive film (manufactured by TEIJIN
LTD.) to the front or rear surface of the diffuser 3.
Alternatively, this conductive member 15 may be pro-
vided by mixing a predetermined amount of conductive
material, such as very small particle powder of carbon
or the like into the diffuser 3 during the manufacturing-
process of the diffuser 3 or the transparent or conduc-
tive member 15 may be produced by vapor-depositing a
certain kind of metal thin film, such as gold, titanium or
the like onto the diffuser 3.

If the diffuser 3 is formed of a glass substrate whose
surface is formed as a frosted glass by the etching-proc-
ess so as to improve its light diffusion effect, then a
NESA film or ITO film available on the market can be
deposited onto the diffuser 3. The NESA film is a trans-
parent conductive glass formed by depositing a stannic
oxide (SnO;) film on the glass substrate, and the ITO
film is produced by vapor-depositing an indium oxide
(In,C5) film on the glass substrate.

The diffuser 3 having the conductive member 15 is
rendered conductive to the metal casing 1 sufficiently
- via a brush 16 or metal fitting of L-letter configuration,
etc., as shown in FIG. 4. Then, the liquid crystal panel
13 similar to that of FIG. 1 is mounted on the front
surface of the diffuser 3 and the diffuser 3 is unitarily
secured to the casmg 1. As shown in FIG. 4, the liquid
crystal panel 13 is composed of a pair of polarizing
plates 4, 10 and a TN type liquid crystal 7 sandwiched
between the transparent electrodes 6 and 8 provided on
the pair of glass substrates §, 9. Of course, the liquid
crystal 7 is not limited to a STN (super twisted nematic)
- liquid crystal, a DSTN (double STN) liquid crystal or
the like and might be an active matrix type LCD and so
on.

Since the liquid crystal display with back light of this
embodiment is arranged as described above, the electro-
magnetic noise from the back light 2 can be shielded
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4 _
even though the high voltage of the back light 2 is
switched at high frequency, the electromagnetic noise
from the back light 2 can be shielded. Also, effect of the
diffusing plate for diffusing light from the back light 2

and effect of the electromagnetic shielding plate can be
achieved at the same time.
It is clear that the shape of the back light 2 is not

limited to the M-letter configuration and may be modi-
fied variously.

According to the liquid crystal display with back
light of the present invention, since the electromagnetic
noise from the back light can be shielded and this liquid
crystal display can be unitarily formed with the diffus-
ing plate, the diffuser is not necessarily made of the
transparent conductive material, which renders the

-diffuser conductive with ease.

Having described the preferred embodiment of the
invention with reference to the accompanying draw-
ings, it 1S to be understood that the invention is not
limited to that precise embodiment and that various
changes and modifications thereof could be effected by
one skilled in the art without departing from the spirit
or scope of the invention as defined in the appended
claims.

What 1s claimed is:

1. A liquid crystal display with a back light for illumi-
nating said liquid crystal display characterized by ren-
dering electrically conductive a diffuser attached to a
rear surface of said liquid crystal display which is
mounted on a front surface opening of an electrically
conductive casing for housing said back light, wherein
said diffuser is rendered conductive by mixing a prede-
termined amount of conductive material into said dif-
fuser in the manufacturing process of said diffuser, and
further comprising an electrically conductive fitting
means mounted on an inner surface of said electrically
conductive casing and being in contact with said dif-
fuser for making electrical continuity between said dif-
fuser and said casing.

2. A liquid crystal display with a back light according
to claim 1, wherein said conductive material is very
small particle powder of carbon.

3. A liquid crystal display with a back light for illumi-
nating said liquid crystal display characterized by ren-
dering electrically conductive a diffuser attached to a
rear surface of said liquid crystal display which is
mounted on a front surface opening of an electrically
conductive casing housing said back light, wherein said
diffuser 1s rendered conductive by vapor depositing a
conductive metal thin film to a rear surface of said dif-
fuser and further comprising an electrically conductive
fitting means mounted on an inner surface of said casing
and being in electrical contact with said conductive film
on said diffuser for making electrical continuity be-
tween said diffuser and said casing.

4. A hquid crystal display with a back light accordmg
to claim 3, wherein said metal thin film is made of gold.

S. A liquid crystal display with a back light according
to claim 3, wherein said metal thin film is made of tita-
nium.
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